Objective We investigated the distribution and characteristics of the FIB-4 index of liver fibrosis in 1,441 Japanese men (age 50.7±10.2 years) and 304 women (age 53.9±10.3 years) who underwent comprehensive general health checkups and were identified as having non-alcoholic fatty liver disease. With respect to the FIB-4 index, differences according to sex, metabolic indices, and ultrasonic findings were investigated. Methods Among 9,255 individuals who underwent comprehensive general health checkups, 2,750 (29.8%) were found to have mild fatty liver or fatty liver based on ultrasound findings. After excluding patients who consumed ! 150 g alcohol/week (818 individuals), those testing positive for hepatitis B surface antigens or hepatitis C virus antibody (184 individuals), and those for whom data were insufficient (three individuals), we investigated the FIB-4 indices in the remaining 1,745 subjects. Results There were no sex differences in the FIB-4 index. A total of 1,370 patients (78.5%) exhibited a low cut-off index (COI) (<1.30), 357 (20.5%), exhibited an indeterminate COI (1.30-2.67), and 18 (1.0%) exhibited a high COI (>2.67). There were no associations between the FIB-4 index and the constituent factors of metabolic syndrome. In contrast, there was a significant difference in the ln FIB-4 index between the patients with and without mild fatty liver or fatty liver on ultrasound among men (0.006±0.43 and -0.092±0.39, p<0.001), but not women. Conclusion The FIB-4 index was is significantly lower in men, but not women, with fatty liver. The FIB-4 index must be calculated separately during medical checkups and evaluated in conjunction with ultrasound findings.
Introduction
Fatty liver disease occurs when fat is deposited in hepatocytes, thereby causing liver damage. This condition is defined as the presence of fat droplets in ! 30% of hepatocytes in liver tissue, and is clinically diagnosed based on ultrasound findings. Previously, cases of fatty liver were most frequently caused by alcohol consumption; however the disease currently develops as a manifestation of lifestyle-related diseases, such as diabetes mellitus and obesity. Nonalcoholic fatty liver disease (NAFLD) involves fat-induced liver damage resembling that caused by alcohol-related liver damage in the absence of a history of alcohol consumption.
According to Eguchi et al. (1) , the incidence of NAFLD among non-drinkers is 41% in adult men and 18% in adult women. The ideal modality for diagnosing NAFLD is a liver biopsy, although it is highly invasive (2, 3) . The actual incidence of patients who require a liver biopsy is therefore unknown, and clear indication criteria for the procedure are lacking. A number of non-invasive indices have been proposed to identify candidates for liver biopsy, including the NAFLD fibrosis score (NFS) (4), BARD score (5), and FIB-4 index (6) . However, these liver fibrosis indices are not listed in the standard protocol for general medical checkups in the the United States or Europe. Nevertheless, the FIB-4 index is reported to be the most useful parameter (6, 7) ; it can be calculated from the platelet count, and aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels, variables that are readily obtainable during comprehensive general health checkups (Ningen Dock) and in everyday clinical practice. Therefore, simplicity is a major advantage of this index.
To date, there have been no studies of sex differences in the FIB-4 index, at least among Japanese subjects. Although an association between NAFLD and metabolic syndrome has been suggested, no previous studies have investigated the effects of blood pressure, an assessment of which is required for the diagnosis of metabolic syndrome. Nor haves any studies evaluated differences between mild fatty liver and fatty liver, as evidenced on ultrasound. In addition, the FIB-4 index exhibits a log-normal distribution rather than a normal distribution, although there have been no previous analysis of this issue. We therefore investigated the distribution of the FIB-4 index among patients diagnosed with NAFLD during comprehensive general health checkup, and investigated the association between the FIB-4 index and the constituent factors of metabolic syndrome.
Materials and Methods
Of the 9,255 individuals who underwent comprehensive general health checkups at the Shimbashi Medical Checkup Office, Jikei University Hospital, during the one-year period between April 2010 and March 2011, 2,750 were identified as having mild fatty liver or fatty liver, based on ultrasound findings.
Fatty liver was categorized as either "mild fatty liver," in which hepatorenal contrast was equivalent or better, or moderate or "worse fatty liver," in which the difference was clear. The diagnosis was made by two experienced ultrasound technicians, and the ultrasound device was a Xario TM XG (Toshiba, Tokyo, Japan) 3.5-MHz convex probe.
After excluding 818 individuals with a weekly ethanol intake of >150 g, three individuals with insufficient data, and 184 individuals who tested positive for either hepatitis B surface antigens (HBsAg) or hepatitis C virus antibody (HCVAb), the remaining 1,745 subjects were assessed including 1,441 men (age 50.7±10.2 years) and 304 women (age 53.9±10.3 years).
The FIB-4 index was calculated as AST × age/(platelet count × ALT), and the subjects were categorized into three groups according to the cut-off index (COI) values proposed by Shah et al. (3) : low COI (<1.30), indeterminate COI (1.30-2.67), or high COI (>2.67).
The study protocol was approved by the Ethics Committee of the Jikei University School of Medicine.
Statistical analysis
The StatView 4.0 (SAS Institute, Cary, USA) software program was used for the statistical analysis. An analysis of variance (ANOVA) was performed according to Scheffe's method, and a regression analysis was performed using the stepwise technique. A p value of <0.05 was considered to be statistically significant.
Results
Of a total of 9,255 individuals who underwent comprehensive general health checkups between April 2010 and March 2011, 2,750 (29.8% of the total population) were found to be suffering from mild fatty liver or fatty liver based on the ultrasound findings.
In order to identify individuals with NAFLD, who consumed ! 22 g of ethanol per day, the amount contained in a serving (approximately 180 mL of Japanese sake, i.e., ! 150 g of alcohol per week; 818 individuals, 8.8%) were excluded. Also excluded were individuals who tested positive for HBsAg or HCVAb (184 individuals, 2.0%), and those with incomplete data (three individuals), leaving a total of 1,745 subjects with NAFLD. This group accounted for 18.9% of all patients who underwent the comprehensive general health checkups, and 63.5% of those diagnosed with mild fatty liver or fatty liver based on ultrasound findings.
The mean FIB-4 index among the 1,745 study subjects was 1.04±0.49, with a median value of 0.93. The data were confirmed to have a normal distribution after logarithmic conversion, as shown in Fig. 1 . The mean FIB-4 index was 1.04±0.49 among men and 1.05±0.50 among women, with no significant sex differences ( Table 1) .
The COI was low in 1,370 individuals (78.3%), high in 18 individuals (1.0%), and indeterminate in the remaining 
357 individuals (20.5%) (Fig. 2) . Table 2 shows the results for men according to the FIB-4 index, while Table 3 shows the results for women. In terms of associations with metabolic syndrome, the only item for which there was a difference between the groups with different FIB-4 index values in women was fasting plasma glucose, whereas no differences were evident in waist circumference, neutral lipids, high-density lipoprotein (HDL-C), systolic blood pressure, diastolic blood pressure, or fasting plasma glucose in men.
There were also no significant differences in albumin or BMI, both of which are included in the prediction formula for the NFS (4), between any of the three FIB-4 index groups. Nor were there any significant differences between the three FIB-4 index groups in terms of plasma glucose, an element of the prediction formula for the BARD score (5) . Table 4 shows the clinical findings for the patients diagnosed with mild fatty liver or fatty liver based on an ultrasound diagnosis. There were no significant differences between the two groups in most of the test items associated with metabolic syndrome. However, the FIB-4 index was significantly lower in men, but not women, with fatty liver (p<0.001). When only patients with liver cell injury, as indicated by an ALT level of ! 31, were investigated, the ln FIB-4 index was found to be significantly different between men with mild fatty liver versus those with fatty liver (0.006± 0.43 vs. 0.092±0.39, p<0.001). The corresponding values for women were -0.031±0.42 and 0.064±0.22, respectively; this difference was not significant. These findings suggest that it may not be possible to estimate the degree of fibrosis based on the severity of fatty liver on ultrasound.
Discussion
We herein investigated the distribution and characteristics of the FIB-4 index of liver fibrosis in healthy individuals, using patients with NAFLD as subjects, from the view point of clinical preventive medicine. In Japan, a "non-alcoholic" status refers to an intake of <20 g of ethanol per day (8) . However, the ethanol content in a serving (approximately 180 mL) of Japanese sake is approximately 22-28 g, while that of a medium bottle or long can of beer (500 mL) is 22- 25 g, and some subjects do not drink every day. In the present study, we therefore used the definition of "nonalcoholic" as an ethanol intake of ! 150 g per week.
Liver fibrosis is more advanced in elderly than in young patients. This time-dependent nature of the degree of fibrosis is believed to underlie the tendency for the FIB-4 index to increase with age (9) .
NAFLD is also thought to represent the hepatic expression of metabolic syndrome, due to insulin resistance caused by visceral obesity (10) . In the present study, however, we found no associations between an elevated FIB-4 index and waist circumference or the values of neutral lipids, HDL-C or, systolic or diastolic blood pressure, all of which are diagnostic constituent factors for metabolic syndrome, with the exception of fasting plasma glucose. In addition, Yatsuji et al. (11) reported that diabetes mellitus has an effect on the incidence of NAFLD in women, consistent with the results of the present study.
With respect to performing a comprehensive general health checkup, it is necessary to assess the state of the liver and identify the presence of fatty liver and/or liver dysfunction. It is necessary to identify patients who require liver biopsy from among those who exhibit fibrosis or a prefibrotic condition of NAFLD.
Sumida et al. (12) diagnosed the state of fibrosis in liver biopsies of 576 Japanese patients with NAFLD, and investigated whether such staging could be evaluated with the FIBstudy, the cut-off points for the FIB-4 index was categorized as low at <1.45, indeterminate at 1.45-3.25, and high at >3.25. Compared with other scoring systems, these values were found to be useful for distinguishing between mild and severe fibrosis, with a reported negative predictive value of 98% and positive predictive value of 53%. Of the 395 patients, 91% were classified into the 1.45-3.25 group, indicating that assessing the FIB-4 index may render liver biopsy unnecessary in Japanese patients.
Meanwhile, McPherson et al. (13) investigated whether the non-invasive indices of the AST/ALT ratio, AST-toplatelet-ratio index, FIB-4 index, NAFLD fibrosis score (4) and BARD score (5) could be used to evaluate the degree of fibrosis in 145 patients diagnosed with NAFLD based on the findings of a liver biopsy. The authors found that the FIB-4 index outperformed the other indices in terms of its capacity for diagnosing advanced fibrosis.
Furthermore, Shah et al. (6) investigated whether the FIB-4 and seven other indices could be used to assess the presence of fibrosis in 541 patients diagnosed with NAFLD and found a jackknife-validated area under the receiver operating characteristic curve of 0.802 for the FIB-4 index [95% confidence interval (CI), 0.758-0.847], which was superior to that for the other indices.
From this viewpoint, Kakuta et al. (14) used the same method applied in the present study to validate the FIB-4 index in individuals undergoing health checkups. In the Kakuta study, the proportion of patients with a low FIB-4 index was 79% (78% in the present study), those with an indeterminate index was 20% (20% in the present study), and those with a high index was 0.9% (1% in the present study). The results of the present study were almost identical to these findings.
In the present study, among patients diagnosed with mild fatty liver or fatty liver on an ultrasound diagnosis, the FIB-4 index was significantly lower in men with fatty liver. However, this trend was not observed in women. This suggests that it is difficult to estimate the degree of fibrosis based on the severity of fatty liver on ultrasound.
In this study, we used hepatorenal contrast, which exhibits a better capacity for obtaining an accurate diagnosis of fatty infiltration of the liver than the level of hepatic parenchymal brightness (15) . This method was used to categorize fatty liver as either mild or as moderate or worse.
The present study showed no differences in the proportions of patients with mild fatty liver and fatty liver among the subjects with an elevated FIB-4 index. The absence of differences in ultrasound findings may have been due to the fact that fatty metamorphosis resolves with the progression of fibrosis in patients with a high COI. This observation suggests that the FIB-4 index is useful for detecting the progression of fibrosis resulting from NAFLD. On comprehensive general health checkups, however, only 1% of patients are categorized as having a "high" level of fibrosis according to Shah's classification, and it is unclear whether this COI is appropriate for the Japanese population. Future studies are therefore required to verify the COI by reducing the lower limit for the "high" group, for example from 2.37 to 2.0, and performing liver biopsies in such patients.
Ultrasound devices capable of measuring the degree of liver stiffness have recently been developed. In addition, Matsumoto et al. reported an association between liver stiffness and the FIB-4 index (16) . That study found a good correlation between ultrasound measurements of liver stiffness and the FIB-4 index (R 2 =0.519, p<0.0001). However, the FIB-4 index, which can be calculated based on blood test results, is easier to apply when evaluating the degree of fibrosis in the liver and should not be replaced.
A total of three million or more people a year undergo general medical checkups (Ningen Dock) in Japan. Assessments of liver fibrosis indices, such as the FIB-4 index, are not listed in the standard Ningen Dock program. However, beginning in April 2013, although not evaluated on comprehensive general health checkup records, the FIB-4 index is currently assessed on forms recording the doctor's opinion, and patients classified into the "high" group are carefully evaluated.
One limitation associated with the present study is that the FIB-4 index may be overestimated in patients with a low platelet count compared to the liver function, such as those with pseudo-thrombocytopenia and idiopathic thrombocytopenia. Another limitation is that liver biopsies were not performed. Future studies involving stratified analysis including the presence of concomitant lifestyle-related diseases are required, as well as prospective studies of the association between the FIB-4 index and the long-term prognosis (mortality associated with liver disease).
In conclusion, the proportions of patients with fibrosis categorized into three different grades of severity according to the FIB-4 index in the present study are similar to reported at other institutions. Differences in age, as well as the platelet count, and AST level, are evident among patients with a high FIB-4 index (indicating advanced fibrosis); these parameters are also included in the formula for calculating the FIB-4 index. However, in the present study, there was were no differences in the FIB-4 index between the patients with mild fatty liver and fatty liver as detected on ultrasound, and diagnosing fibrosis was problematic. Subjects who exhibit a high COI on general health checkups may need to undergo liver biopsies, although prospective studies are required to clarify this issue.
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